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ABSTRACT

T

This report contains a description of the structural analysis ol several candidate
joining designs for major components of the 8-Inch Guided Projectile.

The analyses contained herein are not intended to be rigorous in approach, but
are conducted in such a manner as to cover the pertinent design details which.
would effect the overall structural integrity of both the joining mechanism itself anud
the adjacent sections of the major components involved.

The information contained in this report includes analyses of: (1) the
threesection ring or “Marman” band concept for both the warhead/atterbody and
. warhead/guidance and control interfaces, (2) the two-ring inverted Marman hand.,
1 (3) the press-fit approach (also for both warhcad interfuces). and (4) the bolted-joint

concept.

The results of these analyses indicate that the simpler holted-joint design

] exhibits the greatest potential for success, although no design is completely void of
potential problem areas. Recommendations are made to improve the design where
possible.
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1. INTRODUCTION

The Surface Warlare Department  was tasked as  purt  of  ORDTASK
035D-001/090-1/UF/32-343-501 (Eight-Inch Guided Projectile Program) to conduct a
detailed structural analysis of several candidate projectile interface designs. Figure |
shows the relationship of the various sections of the projectile. The interfsce designs
considered included: (1) the three-ring “Marman'® band concept  for both the
warhead/afterbody, (2) warhead/guidance and control interfaces, (3) the two-ring
inverted Marman band, (4) press-fit designs for both interfaces, and (5) a four-bolt
design. Structural analysis for individual candidate designs is located in Appendices A
through E.

This effort consisted of a static analysis of each interface, including all
significant stresses resulting from a gun-launch environment which would effect the
structural integrity of the projectile, including both inertial and thermal stresses. In
each instance, analysis followed four phases: (1) the determination of the maximum
forces acting on the projectile body during gunfiring, (2) the determination. for
critical points in the design, of the principle stresses resulting from these forees,
(3) the utilization of yield criteria to determine if the stress at these ¢ritical points
results in the material being in the clastic or plastic state, and (4) the determination
of the effects of large temperature variations. Failure was assumed to occur when
the stress at a particular critical point was sulficient to put the material in the
plastic state of deformation.
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1. THEORY AND DISCUSSION

Duc to the characteristics of gunfiring, the resnltant [orces may be divided into
three areas: (1) interior ballistic — initial acceleration f(orces. (2) interior ballistic :
quasi-static forces, and (3) cxterior ballistic forces. The “rebound” force experienced
by a projectile upon exit from the gun muzzle is considered an interior ballistic
force. Exterior ballistic forces were considered small relative to those applied by the
pressure of the propellant gases treated here.

L o

Normally, the forces occurring during gunfiring, which should be considered,
include the following: (1) a force on the base and sides of the projectile rearward
of the rotating band, and on the rear of the rotating band itself, duc to the 1
pressure of the propellant gases. (2) the inertial (setback and rebound) force in the
projectile walls due to the acceleration or deacceleration of the projectile, (3) the
tangential force due to an angular acceleration imparted by the rifling, (4) a radial
force due to spin, and (5) a radially compressive force resulting from the engraving
of the rotating band.

Upon examining the s-Inch Guided Projectile ((iP) configuration. one can dcrive
these basic conclusions. First, the rotating band cmployed on the projectile s
actually a slip obturator. The radial compressive torce exerted on the band seat
when the band is being engraved will be neghisible due 0 the Juw-yicld steength il
the band material. Secondly, both the rotating band and the forward bourrelet arc
located on the warhead section. Thus, the rear interface between the warhead and
afterbody will be exposed to the full blunt of the pressure of the propellant gases.

The compressive setback force at any section of the projectile forward of" the

1 rotating band can be rcadily calculated by the simple cquation
F Uk (1)
=) = — a
S

where W' is the weight of the metal parts forward of the section under

; consideration and a is the common acceleration of all parts. Use of this cquution
E does, however, involve the assumption that the projectile ucts as a rigid body. i.e.,
E the internal energy stored is negligible.

lf | For sections rearward of the rotating band, the compressive force is related to
E the chamber pressure, P, such that

i

%;
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= 0 ’)
F, = PA Q)

wherc A’ is the largest cross-sectional area of any scction rearward of (and
including) the section under consideration.

Spin will be imparted to the projectile by the rotating band through a force
applied by the rifling twist. For a non-slip rotating band, this tangential force is
transmittted totally to the body of the projectile and is rclated to thc lincar
acccleration through thc relation (Reference 1):

81’ PA
Fr = ——p <“') )
n(D? +D?) \ W

wherc

Ip'= polar moment of inertial of thc parts forward of the section
being considered

= rifling twist in calibers per turn

= outside shell diameter

= inside shell diameter

breech pressure

= gun borc cross-sectional area, and

projectile weight

= > 'U-UOU =

Equation (3) is applicable in cases whcre the total force is transmitted to the
shell wall. The projectilc employs a slip obturator which decouples the spin such
that the actual angular velocity of the projectile, w_, is much less than that of thc
rotating band. As a result, this tangential shear force is reduced proportionatcly. The
actual tangential force is related to the nonslip force by the ratio of the projcctile
angular velocity to the band angular velocity. See Reference (1).

w
Fr(slip) = =2 F_ 4)
Wy

Equation (4) assumcs an average or constant angular accelcration.
The nature of the loading on the projectile as a result of the breechblock gas

pressure is quite complex and requires careful consideration. Use of the simple
relation

P —T T
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F = ma

in no way describes the true situation. Upon ignition of the gun propellant. shock
waves are produced which traverse thc explosive chamber and interact with the base
of the projectile resulting in shock waves propagating longitudinally through the
projectile material. Interactions of repeated shock waves from the explosive uand
reflected waves within the projectile body produce an unpredictable scries of weak
and strong shocks (se¢ Figurc 2). Of particular importance to this analysis is the
overall resultant or transient rteverse loading of the material at any one section duc
to these reflected waves. Joints will be especially affected, particularly if allowed to
move, by a slapping of the joint scctions. This phenomena has been mcasured in
experiments conductcd at NWL. Howevcer, at present no method has been formulated
to calculate the actual effcct the resultant forces have on the material.

Data from these tests indicate that localized accelerations vary greatly owver a
given time span (5 msec) and generally range as high as 40,000 g in either the
positive or negative direction (negative indicating rebound). Sce References (2) and
(3). Such a figure would not be a good dcsign criteria, however. Most materials,
unless extremely brittle in nature, would not fail under these loads because of the
extremely short timc span between each loading cycle (50 psec). The strength ot
most metals increascs significantly as the strain rate increases. Unless the relationship
between yicld strength and strain rate are known, an “average” or quasi-static value
must be obtained. From the small amount of data available, quasi-static loads for
the 8-in. projectiles appear to be approximately 7,000 -10.000 g. while “rebound”
ranges from 1,500-2,500 g or 20-25 percent of the peak sctback forees, Thus if
this information is taken to be correct, then the in-barrel rebound force will simply
bc

F, = .25Wa . (5)

Normal rebound which occurs at the muzzle may also reach this valuc,
although it depends upon the distribution of the weight in cither case. Thus both
types of “rebound” were considercd concurrently in all analyses and designated with
the subscript “R”.

A tensile stress in the wall of the shell will result from the rotation of the
projectile. Actual determination of this stress would require the use of the thick-wall
cylinder equations. This “hoop” stress is very small compared to the stress duc to
setback, thercfore it is possible to use the thin-walled cylinder approximution
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Experimental Shock Pressure Pulses
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without introducing any significant crror. By sclecting an elemental mass of  the
cylinder along its axis and summing forces, it is found that the stress in the wall is

bl
“

S = _.F.\_Y = l—gf l.{ij_R.l w2 (())
2w Lt g 24 P

Expressing R, and R, in inches and substituting the cxpression for the angular
velocity

247V
w. = :
P nD
then
025 vy’
= + . 2 —— A (7)
S2W D7y (R, R) ( n>

Misalignment of the projectile center of gravity with the gun geometric center
will likely eause balloting of the projectile, as a result of the accelerating force
creating a moment about the projectile center of gravity. Efforts are in progress to
determine the sideload eorresponding to this moment experimentally, but results
obtained thus far have been ineonclusive. The derivation which follows eontains
some rather broad assumption but its use proved very useful and appeared to
provide a good estimate.

If the projeetile is represented by a beam simply supported at two points
corresponding to the bourrelets, the equation of motion is

mx +¢{x+kx = F sinQt

where

= mass,
damping coefficient, and
stiffness constant,

= e 3
i
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Onc solution of this cquation for x, the deflection, is

where
2 271/2
92> Q ]
o= - = + 2(—) . (8)
[( Q ( Q,

For a simply supported bcam

and for a hollow circular beam the cross-sectional area moment of inertia, I, is
n
= 42 (-t
1 o4 (Do D) .

It was found that equation (8) could be simplified for gun firing conditions.
The vibrating frequency, §, is much less than the natural frequency, £, . as
witnessed by experimental data. The ratio $2/R2,, then becomes very small such that
o = 1. Solving for F_, the force then is

Applying this analysis to the 8-Inch Guided Projectile and assuming that the
properties and wall dimensions of the warhead apply, then it is found that

I =111 in#,
and
_48(30 X 105)(111)
163

= 3.91 X 107 Ib/in .

s | o




Theoretical calculations indicate also that the maximum deflection ol the beam
with such a k value would be on the order of ®

5

x = .00l in. i

Thus for a total projectile weight of 250 Ib, }

:

E

: |

F, = 39,100 Ib . :

%

:

: Application of the force, F,, at various points on the projectile is accomplished !
b by relating F_  to the moment distribution. Use of the shear-moment diagrams for a !

1.0 g loading show that the moment at the forwurd warhead/Tuze joint and the
warhead/afterbody joint is, respectively,

M; = 536 Ib-in.
‘ and
M2 = 506 lb-n.
The sideload acceleration is
F o
@ = :VE = 156 g,

thus the total moments

=
0

= Mja_ = 83,616 Ib-in.

and

=
!

Xy o M,a, = 78,936 lb-in.

9
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The moment is directly related to the stress at any point by the relation

S S (9)

where ¢ is the average effective moment arm. The parameters, ¢ and 1, are
determined readily from the geometry of the section involved, thus the sideload
stress can be determined for any section aloug the axis of the projectilc.

} In general, the simple stress due to the distribution of a particular force on a
1 relevant area is
3 S = F/A . (10)
f When stresses act on the same planer element of material from orthogonal
1 directions, the principle stresses or maximum and minimum stresses are
9 5 1/2
] S, +S S, -8
= y XLy 2

Smax’ Smin 2 % < 5 > +Sxy] (1)

3
where
SX,Sy are the two dimensional plane stresses, and
Sxy is the 2-D shear stress .

F“ In such cases, the Von Mises Maximum Energy Theory was used to determine if
F failure (or vyielding) would occur. For a three dimensional element, this maximum
i stress is
E
]
2 - Q4242 :
;E S S +85 +583 - (5,8, +5,5; +§,§;) (12)
;
! where
E* S, = three dimensional principle stresses

10
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and vyielding would occur when S equals or exceeds the yicld  strength of the
material.

Of special interest in the analysis were the stresses  resulling from thermal
effects and the stresses involving pressures on thick-walled cylinders. When o radiai
internal or external pressure is applied to a thick-walled cylinder, two stresses are
produced, @ non-uniform tangential or hoop stress, S,. and a radial stress, S;. I an
intcrnal pressure, P, and an external pressure, I’ are applied to a cylinder with an
inner radius and outer radius, R, und R, respectively, the stresses at any point. T,
are from the Lame' cquations

S, = Sy, = LRI~ RIP)+(P; - PORZR2/12H/(RZ -RP) (13)

and
S; = [(RZP;- RZP,) - (P, - P RZRI/12 /(RS -RY) . (14)
For the special case when the external pressure. P = 0. cquations (13) und

(14) reduce to

S =8, = RZP,(1 + R2/r?)/(R2 - R?) (15)
and
S, = RZP(1 - RY/F)I(R] - R, (16)

These equations indicate that S2‘ and S, are maximum at the inner surface. Thus
for r = R,

S, = 8, = PR+ R}/(RT-R?) (17)

(18)




The Lamc equations are also applicable for press-fit cylinders. II' two cylinders
with unstressed radii R ; und R, for the outer cylinder, und R , and R,, for the
inner cylinder are pressed together with a radial interference

b Roxs Ri,

a pressure will result between the two parts of

o e e | ke R e e i e e R o) R R i S S

P = 8E, E,/[R (YE, +BE,)] (19) !

where ;

= 2 2 2

Y (R(,1+R.l )/(Rol—Rf)+pl
- 2 2

B = (R} +R% )R} - R} )=p,

% ana

R. = R02 - 8[a,/(o, +0))]

(4

and is the radius to the contact surface between the two cylinders (see
Appendix D).

The thermal stresses due to restrained expansion of a body (i.e., the normal

expansion which would normally occur is prevented) is

S,, = B« (T, - T,) (20)

T, = temperatures at times 7, and 7,.
During the analysis, several conditions were assumed:

1. The rotating or obturation band is located on the base of the warhead.



k'
|
2. The warlicad shell is fabricated of steel while the alterbody and G&C
housing are aluminum,
/ 3. Friction between the forward bourrclet and the gun bore is negligible.

4.  The maximum linear velocity (MCLWT gun) = 2.800 ft/sec.
5. The maximum lincar acceleration = 8,000 g.
6. The angular acceleration (no slippage) = 98.000 rad/sec?.

{ 7. The maximum angular velocity = 25 rev/scc.

q 8. The maximum temperature variation is ~65° to 160°F.

1N
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III. RESULTS AND CONCLUSIONS

Examination of the interface designs indicated that, based on the given
conditions and assumptions, two of the designs were adequate while the remainder
were either completely incapable of handling the loads encountered or in nced of
minor design alterations to strengthen areas considered weak. The designs found to
be adequate were the two-section inverted Marman band and the four-bolt designs

for the afterbody/warhead interface.

Analysis of the two-section inverted band showed that the two .5-in, band
connecting bolts would be the first items to experience failure under maximum
design load conditions. During gunfiring, the tensile force in the bolts, as a result of
rebound and vibration forces acting on the connected projectile componets, would
be 5,260 Ib. Thermal effects due to cooling, however, would add another 18,200 lb
tension due to the uneven contraction of the stecl and aluminum mating parts. The
resultant of these loads is sufficiently below the maximum load capability of the
bolts, but since the pretension in the bolts also adds to the total load, it was
found that the initial tension applied to the bolts must be limited to 7,000 Ib or
approximatety 700 in.-lb torque. Structurally, all other aspects of the design appear
quite adequate with no safety factor being less than 2.0. Details of the analysis are
shown in Appendix C. The .75-in. bolts in the four-bolt design would experience a
high relative stress of 129,000 psi during rebound. The strength of the bolts chosen,
however, is a minimum of 180,000 psi such that a comfortable margin of safety of
39 percent exists. Most other aspects of the design exhibit even greater margins. The
reduction in strength of the afterbody due to the removal of material to allow
access to the bolts results in a marginal condition with a safety factor of only 1.08.
Dynamic load conditions could reduce this margin further, thus the removal of
material in this area must be kept to a minimum.

In the analysis of the threesection ring joint for the afterbody/warhead
interface, several areas appeared to be inadequate. The shear stress in the rings in
the reduced area under the bolt heads could reach 53,650 psi as a result of
rebound and other loads thus exceceding the ultimate shear strength of the aluminum
material. The force, Fb, in the bolts creating that stress, however, was 23,175 Ib
which far exceeded the bolt strength of 13,800 lb. Comparison of these two
conditions showed that the bolts should experience tensile failure before the shearing
stress under the bolt heads could cause failure in the aluminum. High stresses would
also occur in the afterbody in the section cut away for the band. The presence of
the 3-in.-diameter weight reduction hole resulted in a compressive stress of
86,200 psi, a level which would be beyond the yield point of the material.
Adoption of this joint design would necessitate the removal of the cavity in order
to reduce the stress to a satisfactory level. It is felt that the other problems

14
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mentioned above could also be overcome. Reduction of the force, F, would be
accomplished if the torque dpplied to the bolts cou.i be reduced. Such a reduction,
however, would lead to other difficulties, particularly with respect to the sealing of
the area under the band from the gun gases. Without an initial tensile force on
cach bolt of a minimum of 11,000 Ib, the band will become loose during sctback
allowing the gases to apply pressure on the total inside area of the band resulting
in sure failure. It would, therefore, be advisable to increase cither the size or
strength of the bolt and the strength of the band to overcome these deficiencies.

Successful use of press-fitted joints in projectile applications led to the study of
the cdhcept for the joints on the &-in. projectile. However, the results of the
analysis indicated two _ major problems. One problem with the design as presented.
and indeed would be present in virtually all such designs, is the high stress
concentrations occurring in the outer cylinder. It was estimated that the compressive
stresses due to the acceleration and stress concentrations would be 163.000 psi in
the outer steel collar. The inftiation of cracks in these areas would be highly
probable which would lead to failure if the loads are reversed as in rebound.
Increasing the thickness of the section, increasing the strength of the material. or
incorporating generous fillets at critical points arc ways of overcoming this problem.
Caution must be used, however, in employing the first two methods since they both
have inherent @ffsetting factors which may lead to even higher stresses. A second
problem was indicated in that the radial interference, 6. was not adequate to
develop sufficient pressure between the two cylinders to prevent slippage during
rebound. The crux of the problem lies in the variations in the two inaterials
involved, particularly with respect to their strengths. It is concluded from the
analysis that this problem cannot be overcome under the existing requirements,
primarily because of the aluminum and steel properties. Thermal effects due to
temperature variations, aithough always unfavorabie. were very nearly negligible. Both
of the aforementioned problems occurred in both the afterbody/warhead and
warhead/G&C interfaces.

Finally, the analysis of the three-section ring for the warhead/G&C interface
revealed that the design is quite adequate from a structural standpoint. Stresses in
the G&C aluminum housing reach excessive levels of around 75.000 psi during
setback, but a small increase in the thickness of the housing in that arca would
climinate problems there. Also, the force in the ring connecting bolts may reach
11.600 Ib, thus necessitating a restriction on the initial torque to 170 in-lb.

Figures 3 and 4 summarize the conclusions of the analyses. Plotted on these
figures is the ratio of the stress to the local material strength (otherwise called the
safety factor) for the weakest area found in ecach design  versus the axial
acceleration. Values of the safety factor less than 1.0 indicate yielding of the
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material which is considered synonymous to failure. The curves were generated by
expressing the stress as a function of the acceleration and comparing the resultant
stress to the appropriate yield strength of the material, including stress concentration
factors, if any. For the comparison, thermal effects were not included in the
equations. Thus the two-section inverted band, which is very susceptible to
temperature variations, is shown far above the other designs when in actuality it is
comparable to the four-bolt configuration when thermal effects are considered. It
should also be noted that the probability of correcting the weak arcas has obviously
been omitied. The three-section ring band, for instance, which is shown having the
lowest strength curve, can be improved considerably with only a few minor
improvements such that the safety factor, SF, at 6,000 g could easily be made
greater than 1.0 while the press-fit design may not be correctable.

Based on the results of the analysis, and in view of the relatively high amount
of machining required for the two-section inverted band design, it is recommended
that the four-bolt joint design be adapted for the afterbody/warhcad interface on
the 8-Inch Guided Projectile.

18
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STRUCTURAL ANALYSIS OF THE
BOLTED THREE-SECTION RING — AFTERBODY/WARHEAD INTERFACE DESIGN

The geometry of the design analyzed is shown in Figure A-1. For this location,

the weight of the metal parts forward of the section is approximatcly

W =1951b

(afterbody weight, W' = 55 1b).

The total weight of the aluminum joining band is

W, =441b.

B

The possible modes of failure appear to be (refer to Figure A-1):

6.
7.

Failure of the joining band at its center in tension;

Failure of the band in shear at the bolt seating surface such
that the bolt heads pull through;

Failure of the bolts in tension;

Failure of the connecting rim on the afterbody;

Failure of the afterbody in compression due to the presence of
of the internal hole;

Yielding at bearing surface;

Failure of the joining rings in tension.

In the analysis of this design, it should be noted that the gaps before and aft of
the rings will expose much of the rings to the breech chamber gas pressure. It is
assumed that this will be eliminated and thus is not considered in the equations for

stress.

Looking first at the lateral cross-section of the joining ring (at its center), the
following stresses were determined.
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The tensile stress in the band due to setback of the rings, from cquations ()
and (10):

Fg, = 1/2 (4.4)(8,000)
= 17,600 Ib
A = %(7.892 ~732?) = 6.81 in.2
Slb = 2,584 psi

The hoop tension in the band due to angular rotation of the projectile is from
equation (6):

Szw = 317 psi

If the six bolts in the joining band are torqued to 80 percent of the ultimate
tensile strength, which is the recommended torque for maximum fatigue life of the
bolt, a tensile force in the band will result:

F = 2(.8)(13,800) = 22,080 Ib
The stress resulting in the band due to the force, F, for a cross-sectional area of

A, = 198 in?

is

S, = 11,152 psi.

b

*Refer to main text of report for equations.




A hoop shearing stress will be present in the rings duc to the tangential force
imparted by the rotating band. Assuming no slippagc between mating surfaces, the .
applicable arca over which the force is distributed is

A = %(7.892 -30%) = 41.8 in2

if a 3-in. interior hole is present in the afterbody. Assuming that the polar inertia
of the metal parts forward of this section is

I = 1,900 1b-in?

and the calibers per revolution of the gun bore arc

n = 25,

then from equations (3), (4), and (10), the stress is

S = 760 psi.

During “rebound”, a hoop tensile stress will be observed in the rings. This
stress results from the radial component of the rebound and moment forces acting
on the 15 degree slanted surfaces. From equations (1) and (§). the rebound force is

Fp = .25W"a = 110,000 Ib.

To obtain the force due to the sideload bending moment it is simply necessary to
find the stress and apply it to the appropriate area. Considering the tcnsile moment
only, the force will be transmitted totally through the joining band. For the band
: the moment of inertia is

T el R esy ey o o




et

1 =493 int .
which indicates that the stress is [from equation M1 3
S11 = 6,084 psi.

The stress is being applied on only half of the band at any given instant, whiic the :
other half is in compression, thus the area over which the stress cxists is

A = 1/2A" = 3405 in?,
resulting in a total bending moment force of
F. = 20,700 1b.

The contact area of the rings with the body at the slanted surfaces, assuming both
surfaces to be perfectly flat, is approximately

>
I

m(R2 - R})/cos 0

11.0 in.2

where

radius to highest contact point, and

I
n

R 3.635

h

radius to lowest contact point.

R 3.135

e

Thus, the pressure on this surface due to the rebound and bending moment is
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PVg = 11,880 psi.

a

The radial component of this pressure is from the geometry of the design

P. = PcosOsinf, 0 # 0°, 90°

= 2,970 psi.
From equation (16), the hoop stress resulting from this pressure is

S, = 11,940 psi .

Also during rebound, a tensile stress in the axial direction will exist due to the
rebound force

Slb = 16,150 psi.
The total stresses in the riugs then are during rebound:

S, =5, +5,,

22,230 psi (longitudinal)

W
(8
|

- Szb +S2w +S,

23,409 psi (hoop)

- S. = S = 760 psi (shear)

)




and during setback;

S, = Slb +s11
= 8,658 psi
S, = S2b +S2w
= 11,469 psi

S =S =760 psi

Neglecting the shear as small, and setting S, and S, equal to the principle
stresses, the maximum energy stress is from equation (12), for rebound:

S = 22,842 psi
resulting in a safety factor of
SF = 3.15
2 and for setback:
S = 10,357 psi
and
SF = 6.95.
Figure A-2 is a sketch of the area under consideration regarding failure modes
(2) and (7).

A-7
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NUMBER DENOTES POSSIBLE FAILURE MODES

FIGURE A-2
Cross Section of the Band at the Bolt Stand

A, is the area removed to allow the seating of the bolts and t, is the thickness
of the bearing area:

e = L300 n.
L, = 475 in.
Ly = .675 in,

Thus the total area removed for the bolts is

Ly\?
2 LyLp + 57 ?

1.00 in.2.

Ap,

The remaining cross-sectional area of the band is

A=A -A, =98 in.

m

A-8




During rebound, the hoop tension in the band will be

T g —

F = S,Ay
= 46,350 Ib. !
!
| At this location the area is reduced, thus the stress is
4 S, = 47,300 psi. j

n

The force, F, will be distributed to the two connecting bolts and over the bolt ?
head bearing area such that the actual force in the bolts will be :

F, =3F = 23,175 b .

The diameter of the bolt head is .55 in., thus the band-shear area under the bolt
head which will resist F, is

= — .2
A, = ndt, = 432 in.c

resulting in a stress in the band around the bolt seating area of

S, = 53,650 psi

m

such that

SF = 0.82.
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Another possible mode of failure would appear to be across the rim of the
afterbody shown as arca Ag in Figure A-3. The rebound force, Fp, and the
moment force, F,, will result in a forward pulling of the band by the warhead

— e s e o e o

A/B \ W/H
|
<+ |->Fp !
;
FIGURE A-3 3

Cross Section of Joined Bodies at Joint

which in turn will produce a shearing force acting on the rcarward slanted surface.
The shearing stress realized for Ay = 8.43 in.2 is

S, = 15,500 psi.

If an interior cavity is present in the afterbody, the crosssscctional area, A . in
Figure A-3 is reduced to

]

A, = 22.16 in2 .

A-10




The setback force on area, A, will result from the chamber pressure duc to the
location of the obturating band. The force duc to the pressure is simply

F = PA.

However, due to the time dependency of P, the effect of the rotating band must
be considered. In this case the force applied to the band will tend to <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>